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ABSTRACT: Orange juice concentrate is one of the most
important orange products, which is widely appreciated in the world
market. Concentration of orange juice by evaporation alters the final
‘color, taste, aroma and nutritional characteristics of reconstituted
juice. The use of enzymatic treatment in combination with serum
pulp method for concentration of Valencia orange juice and the
impact of this process on chemical composition and volatile flavor
compounds were investigated. The physicochemical properties of
orange juice, pulp and serum varied widely. The ratio of glucose,
fructose and sucrose was found to be 1:1:2. Pulp particles were rich
in vitamine C and were characterized by the highest color values.
Quantitative determination of volatile flavor compounds of Valencia
orange juice showed that, in total, there were 24 compounds of which
9 compounds were present in concentrations higher than 0.1 ppm
such as acetaldehyde, ethanol, a-pinene, ethylbutanoate, limonene,
linalool, citronellal, valencene and a-terpineol. Ten compounds were
present in concentrations lower than 0.1 ppm, these were methanol,
ethylacetate, iso-ethylbutanoate, hexanal, ethylhexanoate, trans-2-
hexenal, 1-hexanal, pelargonaldehyde, geranial and neral
Additionally, there were 5 unknown compounds. Distribution of
volatile flavor compounds between pulp and serum showed that, a-
pinene, limonene, valencene, linalool and citonellal are contained
mainly in the pulp particles, while acetaldehyde, ethanol and
ethylbutanoate were present mainly in the serum. Comparison of
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volatile flavor compounds of unpasteurized juice, reconstituted juice
from concentrate produced by conventional evaporation process and
reconstituted juice from concentrate produced by serum- pulp
method indicated that, fresh-unpasteurized juice contained the
highest concentration of volatile flavor. Reconstituted juice from
serum-pulp method had higher concentration of volatile flavor than
that from conventional evaporation . Data presented in this study
provide evidence that concentration by serum-pulp method is a
promising process for production of high quality juice.

Keywords: Orange juice, Orange juice concentrate, Chemical
composition, Enzymatic treatment, Serum-pulp method, Volatile flavor
compounds.

INTRODUCTION market. Orange juice produced
Orange juice is considered from concentrate has been subject
as an excellent source of vitamine ©of numerous studies (Fellers et al.,
C and is a desired product by 1986; Marcy et al., 1989 and
many consumers who are Rassis and Saguy, 1995) and it is

interested in maintaining healthy ~obvious that, concentration process
diet. It has been produced in alters the final taste, aroma and

several forms such as fresh- nutritional characteristics. Asker
squeezed  unpasteurized juice, and Treptow (2000) reported that,
orange juice from concentrate most aroma components and heat
(reconstituted juice), pasteurized sensitlve. vitam1.ns are l(?s.t during
juice and frozen concentrate. €vaporation in  addition to
Consumers  nowadays prefere generation of off flavors. There are
orange juice which is as natural as  alternative concentration processes
possible and without extensive other than the use of evaporation
processing.  Although, market technique  such as  freeze
research in Europe indicated that —concentration .and reverse osmosis,
the wuse of fresh-squeezed, but they have  serious
unpasteurized orange juice has drawbacks.Freeze concentratin
increased by 50 % a year (Decio, Process causes juice loss due to the
1993). The use of orange juice inclusion of juice solids with the
concentrate is still holding the ice - mass. = Reverse osmosis
principale share in the world encounters problems of severe
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concentration polariz ation and loss
of aroma compounds. Moreover,
both freez concentration and
reverse- osmosis have relatively
high process costing (Pala and
Bielig, 1978 and Deshpande et
al.,1984). Concentration by serum-
pulp method may provide a better
way for preserving quality charac-
teristics of orange juice. It is
carried out by centrifugal
separation of the juice into serum
and pulp. The serum is
concentrated by evaporation to
high degree of soluble solids and
recombined with the pulp to
produce orange juice concentrate.
The main idea of serum-pulp
method is based on the assumption
that, most aroma and heat sensitive
compounds in turbid juices are
localized in the pulp and that the

low viscosity of serum facilitates-
concentration to high soluble solids -

and reduce flavor and nutrient
deteriorations and  browning

reactions. It was first described by

Pimazzoni (1961) for the
production of tomato concentrate

and then used for the concentration’

of other fruit juice concentrate such

as orange juice (Peleg and
Mannheim, 1970 and Johnson,
1993) and mango concentrates

(Abd El-Hadi, 2002). It has long
been belived that, the deli,catg and

" extraction
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desirable flavor of fresh-squeezed
orange juice is dyé to acomplex
mixture of ‘many volatile
constituents blended in proper
proportions (Shaw et al., 1994).
The number of these constituents
in orange juice samples varies
widely in the literature depending
on orange variety, type of juice
(fresh or reconstituted), method of
juice extraction, method of volatile
(distillation or
headspace) and the method and the

conditions employed for flavor
analysis. Moshonas and Shaw
(1992) compared  static and

dynamic headspace.- technique and
quantified 16 constituents and
Moshonas and Shaw  (1994)
quantified 46 volatile constituents
of both hand extracted and
mechanically  extracted fresh
orange juice samples from 5
different cultivars. In other limited
studies, Pino (1982) quantified
seven volatile constituents and
Rodrigues and Culberston (1983)
quantified eight volatile
constituents each involving a single
sample of fresh orange juice.

The objectives of the
present study was to evaluate the
use of enzymatic treatment
together with serum-pulp method
for concentration of Valencia
orange juice and to investigate the
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impact of this process on the
Physicochemical composition and
volatile flavor constituents of the
recons tituted orange juice.

MATERIALS AND
METHODS
Materials: Orange fruits Citrus
sinensis  var. Valencia were
harvested from a private farm in
Banattf, Zagazig, at the maturity
stage. Orange fruits were harvested
in the early morning and
transported to the laboratory of
Food Science Department, Faculty
of Agriculture,Zagazig University.
The fruits were washed with tap

water and cut into two halves.
Orange Juice Processing:

The juice was extracted
using a laboratory juice extractor

operated by hand-reaming. The

expressed juice was passed through
a single layer of muslin cloth to
filter out the seeds, solids and pulp
materials.

Separation of Orange Juice into Pulp
and Serum:

Serum of fresh orange juice
was separated by centrifuging fresh
orange juice at 4500 rpm for 20
'min using a Sigma Labor
Centrifuge (D-37520 modell 2-15,
Germany).
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Concentration of Orange Juice
and Serum: o

Unpasteurized orange juice
as well as serum was concentrated
by a vacum rotary evaporator
under vacum (Buechi, B-16 g
Vacum  System  Switzerland).
Concentration was carried out at
60°C on untreated serum and
serum previously treated with 20,
40 and 60 ppm of pectintrans
eliminase (Novo nordisk, Ferment
Dittingen, Switzerland. Enzyme
reaction was performed at 25°C for
30 min and followed by enzyme
inactivation at 90°C for 5 min.
After concentration, the
concentrated serum was
recombined with the pulp to give '
serum pulp concentrate. Samples
of fresh squeezed orange juice was
pasteurized and concentrated by
evaporation to give orange juice
concentraté by the conventional

evaporation method.

Reconstituation of orange
juice concentrate into single
strength juice was carried out using
condensate resulted during
concentration. ' .
Physico- Chemical Analysis of
Orange Juice: B

Total soluble solids, pH

value, titratable acidity and free
amino nitrogen of orange juice
were determined as described by
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AOAC (1984). The color index
values were measured at the
Laboratory of Food Technology,
National Research Center, Dokki,
Cairo, using a Hunter Lab (modell)
D25 color difference meter
according to Askar and Treptow
(1993). Cloud stability of fresh
orange juice was measured inthe
separated serum at 660 nm as
described by Askar and Treptow
(1993). Viscosity of orange juice
and serum was measured as
described by Askar and Treptow
(1993). The enzyme kit
(Boehringer and Mannheim) was
used ~to  determine the
concentration of D-glucose and D-
fructose. Sucrose in orange juice
was determined as described by
Matissek et al., (1992). Ascorbic
acid was determined by the
method of Henniger (1981) in
orange juice samples.

Analysis of Volatile Flavor
Compounds:
The  determination of

volatile flavor compounds were
carried out by Headspace Gas
chromatographic Technique. Five
grams of orange juice or
concentrated serum was weight in
20 ml headspace-vail and kept in a
shaker for 5 min, and finally
tempered at 80 °C for 40 min. 250
microliter headspace was injected
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in the capillary gaschromatograph
HP5890, serie II with split-
Splittless  injector which was
equiped with capillary column
(supelco) 30 m x 025 mm.
Temperature of the flame-
ionization detector was 250°C and
injection port was 250°C. Oven
temperature program was
programmed as follows: 50°C
hold for 2 min, from 50 to 70 °C at
10°C /min, at 70°C hold for 5 min
and from 70°C to 135°C at 2°C
/min. Helium was used as carrier
gas at flow rate of 1ml/min.
Quantitative  deter-mination was
carried out using external standard of
the key volatile flavor compounds of
orange juice.

RESULTS AND
DISCUSSION
Physicochemical Properties of
Orange juice, Pulp and

Serum: From the physical point
of view, orange juice is a
suspension of fine pulp particles
suspended in a clear ageuous phase
(serum). The ratio of serum and
pulp obtained by centrifugal
separation of unpasteurized
Valencia orange juice was found
to be 9:1. )
Table 1 shows total soluble
solids - (TSS), sugars, titratable
acidity pH, free amino nitrogen
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and vitamine C contents as well as
the color values L, a and b of
unpasteurized  Valencia orange
juice, pulp and serum separated
from it by centrifugation.Total
soluble  solids  (TSS) of
unpasteurized Valencia orange
juice and its serum was found to be
11.20 and 10.0°Brix, respectively.
Farnworth et al., (2001) reported
similar TSS content (11.60°Brix)
in unpasteurized Valencia orange
juice from Mexico. It is well
known that, most of the TSS in

orange juice are sugars, mainly -

glucose, fructose and sucrose.
Glucose and fructose contents of
orange juice was similar, being
245 and 2.40%, respectively
indicating that, the ratio of glucose
to fructose is almost 1:1. Sucrose
constituted the highest sugar
concentration, being 4.23%. These
results are in harmony with those
reported by several authers,while
Moukarzel and Sabri (1996) found

that. these values were, -
respectively, 2.40, 2.40 and 4.70 "
%. Famworth et al, (2001).

reported that, glucose, fructose and
sucrose concentration of
‘unpasteurized  Valencia orange
juice was 1.93 , 2.32 and 4.90g
/100 ml. More recently, Brereton
(2002) reported that, the principal
sugars glucose, fructose and
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sucrose in orange juice are present
in the ratio 1:1:2. As expected,
pulp particles  contained lower
concentration of soluble sugars
than the serum. The concentration
of glucose, fructose and sucrose of
pulp and serum were 1.36 and
2.25, 199 and 2.20 and 4.01 and
4.01%, respectively. It should be
noticed that, after centrifugal
separation of the juice into pulp
and serum, the pulp was not
washed to release the residual
serum adhering to the pulp
particles. Therefore, most of the
soluble sugars of the pulp are
originally belonging to the serum.
Titratable acidity of unpasteurized
Valencia orange juice and its
serum reached 1.11%. The pH
value of unpasteurized Valencia
orange juice and serum was found

- to be 3.33. Free amino nitrogen
" content, which is a measure of free

amino acids and other nitrogenous
compounds was found to be 32.25
mg/100 ml i the unpasteurized
Valencia orange juice. Vitamine C
content of orange juice, pulp and
serum accounted for 55.61 , 42.38
and 13.23 mg/ 100 gm , indicating
that pulp particles are rich in
vitamine C content. The color
values determined by Hunter
system is presented in Table 1. The
pulp particles were characterized
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by the highest L lightness (61.39),
a (redness to greeness, 17.35) and b
(vellowness to blu-eness,75.62).
Unpasteurized orange juice, on the
other hand, had lower values for L
(52.32), a (8.99) and b (52.72).
These results are confirmed by the
fact that, juice color is a result of
reflection of light by the pulp
particles (Gennovese et al., 1977)
and changes 'in suspended pulp
particles or its content in the juice
cause - changes in the color
determined by the color difference
meter. In line with that, serum
which'is free from pulp particles
was not subjected to color
measurement by this method.
Volatile Flavor Constituents of
Unpasteurized Orange Juice,
Pulp and Serum:

The delicate and desirable
flavor of fresh squeezed orange
juice is due to a complex mixture
of wvolatile constituents blended
naturally in the proper proportions.
Some of these are water soluble
originating from the juice in the
juice sacs while others are oil-
soluble originating from juice oil

and peel oil. The volatile
compounds in the juice are
distributed between serum and pulp
particles. Table 2 lists the
quantitative values of volatile
flavor constituents of
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unpasteurized”  Valencia orange
juice, pulp and serum separated
from it by centrifugation. Twenty

four compounds were
quantitatively identified. Some of .
these compounds which are

accurately identified were present
in concentration higher than 0.1
ppm such as acetaldehyde, ethanol,
a-pinene, ethylbutanoate, .
limonene, citronellal, linalool,
valencene and a-terpineol. There
were five compounds which were
quantified but not accurately
identified and regarded as
unknown. The remaninng
compounds (10 compounds) were
present at concentrations lowere
than 0.1 ppm which was the lowest
limit for quantification employed
in this study. These latter
compounds are well known to
contribute to the volatile flavor of
orange juice. Acetaldehyde was
present in the juice at concentration
of 6.3 ppm while in pulp and serum
56 and 5.7 ppm were found,
respectively. This indicates that, .
most of  acetaldehyde are
contributed by the .serum. The
concentration of acetaldehyde is in
accordance with the value reported
by Velez et al., (1993) who found
that, the  concentration of
acetaldehyde ranged between 3 -7
ppm in fresh orange juices.
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Acetaldehyde was identified in the
aroma profile of grapefruit, orange,
lime, lemon and calamondin
(Nisperos-Carriedo et al., 1992; El-
Samahy et al., 1999 and Farnworth
et al, 2001). Shaw (1991)
considered acetaldehyde as a major
contributor to fresh orange flavor.

Ethanol constituted the highest
concentration of the volatile
constituents in unpasteurized

Valencia orange juice (411 ppm )
and serum (522 ppm ). In pulp,
ethanol comes as the second largest
compound with a concentration of
422 ppm. Similarly, Nisperos-
Carriedo and Shaw (1990a) and
Farnworth et al., (2001) found

that, ethanol was the highest
alcohol concentration in fresh
orange juice, accounting,

respectively, 420 and 615 ppm.
According to Shaw (1991), ethanol
may act as a solvent that gives lift
to other aroma, but does not
contribute any aroma of its own. Its
aroma threshold range between 100
ppm (Fazzalari, 1978) and 1150
ppm (Pino et al., 1986) confirming
it’s minor contribuation to aroma
of fresh orange juice. The
concentration of a-pinene in
unpasteurized orange juice and
pulp was found to be 0.4 and 2.1
ppm, respectively, while it was
found in the serum as traces. This
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indicates  that, o-pinene is
contributed mainly by the pulp
particles. Its concentration in fresh
orange juice varies widely in

literature, being 0.10 ppm
(Nisperos-Carriedo and Shaw,
1990b), 0.10 to 1.09 ppm

(Moshonas and Shaw, 1994) and
5.44 ppm Farnworth et al., (2001).
It is a constituent of peel oil and of
juice oil, therefore its level depend
on the oil content in the juice. The
odor of a-pinene was described as
green, floral and lemon like flavor
(Shaw, 1979) and was judged by
Ahmed et al., (1978) to make
positive contribution to flavor of
processed orange juice. Its aroma
threshold ranged between 9.5 ppb
(Ahmed et al., 1978) and 62 ppb
(Pino et al., 1986). Ethylbutanoate
was quantified only in the
unpasteurized juice, being 0.1 ppm,
while it was present in trace
amounts in pulp and serum (Table
2). It is present in most juices in
amounts above the aroma threshold
values (0.13 ppb) and (1.1 ppb)
reported by Ahmed et al., (1978)
and Pino et al., (1986) respectively.
According to Moshonas and Shaw
(1986) ethylbutanoate is one of the
most important contributor to
desirable orange flavor and present
at 7 times its flavor threshold in
Valencia orange juice.
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Limonene represented the
second most abundant volatile
component  in' ' - unpasteurized
Valencia orange juice, being 119
ppm. (Table 2). In the pulp it made
up the highest volatile component
(734 ppm) while, only trace
amount’ was detected in the serum,
indicating that pulp is the prime
contributor of limonene. Limonene
exhibits distinctive aroma of lime
(Lindsay, 1985) and is considered
the most abundant aroma
component in all citrus fruits. Its
aroma threshold was found to be
as low as 10 ppb (Belitz and
Grosch, 1987). The optimum level
of limonene in processed orange
juice has been estimated from the

optimum total oil level to be
between 150-220 ppm (Carter,
1990). The concentration of

linalool in unpasteurized Valencia
orange juice accounted for 3.1
ppm. Pulp portion contained higher
concentration (5.2 ppm) than that
found in the serum (2.5 ppm ),
indicating that pulp is a major
contributor of linalool. Qur result is
in agreement with data reported by
(Moshonas and Shaw (1994) who
found that, the concentration of
linalool ranged between 0.013 and
3.7 ppm in several varieties of
oranges (Valencia, Pineapple,
Hamlin,  Navel, Pera and
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Ambersweet). On the other hand,
Famworth et al.,(2001) obtained
much higher concentrations (8.45
ppm). Linalool was found to be the
most important compound in fresh
lemon oil (Schieberle and Grosch,
1988) and important contributor to
orange juice flavor (Moshonas and
Shaw, 1994). Its low threshold
value (4.7 ppb; Pino et al., (1986)
suggests that, it is an important
contributor in orange juice.
Similarly valencene was found to
be present mainly in the pulp
particles, being 5.2 ppm (Table 2).
Its  concentration in the
unpasteurized juice was 0.4 ppm
while only trace amount was
detected in the serum. In their
analysis of volatile flavors in 72
orange  juices from  most
widespread blond and blood
cultivars, Maccarone et al., (1998)

found that, valencene contribute
powerful citrusy top notes.
Nisperos-Carriedo  and  Shaw

(1990a) quantified valencene in
fresh orange juice tobe 8.0 ppm,
while Moshonas and Shaw (1994)
found an average of 0.83-12.1
ppm. The concentration of a-
terpineol in unpasteurized orange
juice, pulp and serum was found to
be 1.1, 13 and 0.4 ppm,
respectively. In heat treated citrus
juice, a-terpineol is formed from
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the degradation of limonene and
linalool. It is described as being
musty, earthy and mushroom-like
note in deteriorated lemon flavor
(Pfannhauser, 1989) and yet, pure
a-terpineol is  described as
delicately floral and lilac
(Arctander, 1969). Citronellal was
detected in pulp portion at a
concentration of 0.4 ppm, while in
the juice and serum traces were
identified. Data in Table 2 also
show that, methanol, ethylacetate,
iso-ethylbutanoate, hexanal, ethy-

hexanoate,  trans-hexenal, 1-
hexanal, pelargonaldehyde,
geranial and neral which are

important contributors to fresh
orange juice aroma are detected in
concentration less than 0.1 ppm,
the minimum limit for volatile
quantification used in this study.
Moreover, four of the five
unknown compounds were found
to be present mainly in the pulp
portions, suggesting their
importance as flavor contributors
of fresh orange juice. Based on the
above mentioned flavor profile of
orange juice, pulp and serum, it is
to be concluded that a-pinene,
limonene, valencene, linalool,
citronellal are contained in the
pulp portion, while acetaldehyde,
ethanol - and ethylbutanoate are
mainly contributed by the serum.
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Concentration by Serum -
Pulp Method: ,

‘During concentration and
due to the presence of hydrocolloid
(pectin) in the serum, the viscosity
increases and concentration to high
degree total soluble solids is
altered, Therefore, enzymatic
treatment to depectinize the serum
was performed by  using
pectintranseliminase (PTE). This
enzyme causes trans-eliminative
cleavage of the 1- 4 a-glycosidic
linkage in pectins, resulting in the
formation of double bond between
C4 and C5 at the non reducing end .
of one of the reaction product. It
attacks preferably at randum,
highly esterified pectin which
results in rapid reduction in
viscosity. The effect of different
enzyme concentrations on some
parameters of treated serum is
compared to untreated presented in
Table 3. Total soluble solids and
titratable acidity remained
unchanged. Serum viscosity was
not affected at enzyme con-
centration of 20 ppm, while it
droped to 5.60 and 4.90 centi-poise .
at enzyme concentration of 40 and
60 ppm, respectively. The
maximum soluble solids obtained
from the :con-centration of
untreated serum was 72°Brix,
while the wuse of enzymatic
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treatment at 40 ppm
pectintranseliminase ~ gave the
highest TSS in serum con-centrate
(80°Brix). Johnson (1993) obtained
similar TSS in Valencia orange
juice.

Table 4 shows the changes
in volatile flavor constituents of
concentrated serum prepared by
serum - pulp method . It can be
seen, that the concentration of
acetaldehyde was decreased from
16.0 ppm in untreated serum to 4.8
ppm in enzymatically treated
serum . Ethanol was decreased
from 150 ppm to 2.7 ppm.
Similarly, the concentration of
limonene found in enzymatically
treated serum was half the
concentration  observed in
untreated serum concentrate. On
the other hand, valencene
concentration was found to be 2.0
ppm in enzymatically treated
serum, while it was present as trace
amount in untreated one. It is

worthwhile  noting that, the
changes in volatiles flavor
compounds of the serum

concentrate most probably due to
the heat treatment (90°C for 5 min)
used to inactivate the enzyme.
Untreated serum concentrate was
prepared from unpasteurized juice.
Com-paring the results presented in
Table 2 and Table 4, it is clear that
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concentration process by
evaporation dramatically aff-ected
the concentration of the very
volatile compounds ' such as
acetaldehyde, ethanol and ethyl
butanoate, ‘while the less volatile
compounds such as limonene and
valencene were not affected. These

results are confirmed by data
reported in the literature for the
concentration of citrus juices
(Askar et al., 1981 and El-Samahy
et al., 1999).

Data presented in Table 5
shows  the volatile  flavor

compounds of reconstituted orange
juice prepared by conventional
evaporation and by serum-pulp
method and compared to
unpasteurized orange juice. The
final concentration of orange juice
concentrate resulted from the
conventional method was 72°Brix,
while that prepared by serum-pulp
method had final concentration of
80°Brix. Unpasteurized orange
juice contained the highest
concentration of volatile flavor
compounds as compared to
reconstituted orange juice prepared -
from concentrates and from the
pasteurized juice. This indicates
the adverse effect of concentration .
process on the characteristic -
volatile  flavor compounds of
orange juice. On the other hand,
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reconstituted orange juice prepared
by conventional method of
concentration had the lowest
concentration of volatile flavors,
indicating the adventage of using
serum-pulp method for
concentration of orange juice. The
slight differences in concentration
of  volatile flavor compounds
between untreated and
enzymatically treated concentrate
is ascribed to heat treatment for
enzyme inactivation. It is to be
conclouded that, the use of serum-
pulp method in combination with
enzymatic treatment is a promising
technique since it gives concentrates
having higher soluble solids content
and better aroma profile than that
obtained from conventional method
of concentration.
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Table 1: Physicochemical properties of unpasteurized orange
Juice and its pulp and serum.
Parameters Unpastelfrl.zed Pulp | Serum
orange juice
Total soluble solids
(°Brix ) 11.20 - 10.00
Glucose (%) 2.45 1.36 2.25
Fructose (%) 2.40 1.99 2.20
Sucrose (%) 4.23 4.01 4.01
Titratable acidity
%) 1.11 - 1.11
Free amino nitrogen
(mg/100 ml) 3225 - -
. Vitamin C
(mg/ 100g) 55.61 13.23 | 42.38
L 52.32 61.39 | 6.55
Color a 8.99 17.35 | -0.90
b 52.72 75.62 | 2.02
Cloud stability at
660 nm (%) 26.70 - -
pH 3.33 - 3.31
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Table 2: Concentration of volatile flavour compounds of
“unpasteurized Valencia orange juice, serum and pulp.

Flavou:pc:::)po unds Juice | Serum Pulp
Acetaldehyde 6.3 5.7 5.6
Unkown 1 22 1.8 9.4
ethanol Tr* Tr* Tr*
thylacetate Tr* Tr* Tr*
thanol 411.0 522.0 422.0
-Penine 0.4 Tr* 2.1
Iso-ethylbutanoate Tr* Tr* Tr* " |
nkown 2 0.1 0.1 Tr*
Ethylbuttanoate 0.1 0.1 Tr* -
Unkown 3 0.2 Tr* 1.0
Unknown 4 3.6 Tr* 22.4
Hexanal Tr* Tr* Tr*
Limonene 119.0 Tr* . 7340
Unkown 5 0.5 Tr* 3.0
Ethylhexanoate Tr* Tr* Tr*
Trans2-Hexnal Tr* Tr* Tr*
1-Hexnanol Tr* Tr* Tr*
Pelargon aldehyde Tr* Tr* Tr*
Citronellal Tr* Tr* 0.4
Linalool 3.1 2.5 5.6
alencene - 04 Tr* 5.2
fo. -Terpineol 1.1 0.4 1.3
[Citral /Geranial Tr* Tr* Tr*
{Citral / neral Tr* Tr* Tr*

Tr*: means concentration of a component is less than 0.1 ppm.
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Table 3: Effect of enzymatlc :,t.;'eaﬁlli;éﬁt‘ on physicochemical
properties of Valencia orange juice serum. .

“ 4 ' Enzyme
Parameters .| concentration (ppm)
Untreated|- 20 | 40 60
Total soluble solid 11 56 |'11.20 [ 11.20 | 11.20
( °Brix ) < | .
Titratable acidity | . |
| %) +1.18 1._1_5 1.16 | 1.18
Brix / Acid ratio 9.50 | 9.70 | 9.70 | 9.50
~pH 3.31 348 | 3.56 | 3.56
Viscosity 640 | 6.40 [ 5.60 | 4.90
(centipoise)
Total soluble solid L .
(°Brix) 72.00 | 78:40 | 80.00 | 78.00
after concentration | : ‘
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Table 4: Effect of enzymatic treatment of Valencia orange
juice serum on volatile compounds of serum
concentrates prepared by serum - pulp method .

Flavour compounds Enzymaticall
(ppm) Untreated zt};'eated Y
Acetaldehyde 16.0 4.8
Unkownl - Tr* Tr*
Methaniol Tr* Tr*
Ethyacetate Tr* Tr*
thanol 15.0 2.7
o-Penine Tr* - Tr*
Iso-ethylbutanoate Tr* “Tr*
Unkown 2 | 0.9 -1.0
Ethylbuttanoate Tr* Tr*
Unkown 3 Tr* Tr*
nknown 4 Tr* Tr*
exanal Tr* = Tr*
Limonene - 23.0 '11.0
Unkown § ‘ Tr* Tr*
Ethylhexanoate Tr* Tr*
Trans2-Hexnal Tr* Tr*
1-Hexnanol - Tr* Tr*
elargon aldehyde Tr* - Tr*
Citronellal Tr* ©Tr*
Linalool Tr* © Tr*
alencene Tr* 2.0
fo-Terpineol Tr* Tr*
{Citral /Geranial Tr* Tr*
{Citral / neral Tr* Tr*

Tr*: means concentration of a component is less than 0.1 ppm.
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Rabie, et. al.

Table 5: Effect of serum-pulp method on volatile flavour
compounds of fresh unpasteurized and reconstituted

orange juices.
Reconstituted | Reconstituted juice from serum /
col';nl;‘:::::;ls Fr::rmut juice from ulp method . _
(ppm) orange juice conventional Untreated Enzymatically treated
method
Acetaldehyde 6.3 0.7 1.3 0.9
nknown 1 2.2 Tr* 0.8 Tr*
Methanol Tr* Tr* Tr* Tr*
Ethylacetate Tr* - Tr* Tr* Tr*
Ethanol 411.0 Tr* 43.0 36.0
a -Penine 0.4 0.2 0.3 0.3
Trans2-hexenal Tr* Tr* Tr* Tr*
nkown 2 0.1 0.9 Tr* -~ Tre*
Ethylbutanoate 0.1 Tr* Tr* Tr*
nknown 3 0.2 Tr* Tr* Tr*
nknown 4 3.6 1.7 3.1 2.9
[Hexanal Tr* Tr* Tr* Tr*
Limonene 119.0 51.0 93.0 97.5
Unknown § 0.5 0.2 0.4 © 0.3
Ethylhexanoate Tr* Tr* Tr* Tr*
Trans2-hexenal Tr* Tr* Tr* Tr*
Hexanol Tr* Tr* Tr* Tr*
_jPelargon « « " Tr*
laldenyde Tr Tr Tr .
[Citronelial Tr* 0.1 Tr* Tr*
Linalool 3.1 Tr* 0.8 1.1 .
. alencene 0.4 0.3 0.3 Tr*:
a -Terpienol 1.1 Tr* 09°* 1.2
[Citral /Geranial Tr* Tr* Tr* Tr*
|Citral / Neral Tr* Tr* Tr* Tr*

Tr* : means concentration of a component is less than 0.1 ppm.




Zagazig J.Agric. Res., Vol . 30 No.(3) 2003 929

walgi Aol —p ) Ayl LAY WS jpae 55855 LAl
5 el 4gSil LS ya g puanlt
ol e = ay daall 36 daaa
claall gl daae ol — dagla wdl oyl Gen
S5 ~ a0 dndy ~ Aol 30 44— LY oyl pud

Jiyy Afle 4010 Aady lan Oaly oo 4S8 7 Ul JE Y pas jaay
Jbaae S ja Hiay Agaaa dany glo Aiilaadl gy A Aals dllgiuad) 4
1S5 533 Apallall 5 lal (3 Gpee pumy Al (g S cilaia pal (ge JUL
AN A el g dadl Yy padall y sl Ll gd A Sl s I aily S0 pac
e YY) g Y1 Alebaad) 250 3 Cand V138 b g g el ypusaall
S i o Agleal odn il NSy LN S0 ssae 388 —p sl ik
sbsandl (e S 4 glasS 5l Gl gad) ailial S 23 ldall Zad) I S g (5 slasS
il Sy YV Gy Sty Sl 5eS gladl G Apull CulS S aad ol alll
g—ag LS Golll ad Cua e oV ga gz el e W) giae i e Gl Gl
T Lpio LS 5V € A gl il al LISH aaall (o 5 bydall il Syl S il
I ¢ aaali N ay ol e e 0)) Oa el SIS e Giaay GLS ya
o e g CAIYY y Cppatfldll, (DU g figaa , Jgtlisle 5 gallle il gy B ¢ Jgin iV
yCabliad SN el a g Ggalafe ae ) G JB 3 S 03 g3 ga llS Lgia
=V, h A Y- e gilSa ALY Jhusa, cagll S en J g 3
O B bdall dadl I S 5a 555 grada gt ally S iy Sl e 3l (pga D J gl
g Bapl ha uilS Bl g ) 5 ol L paillill, G gaslll, Cuildl) o L sl Al
o Ll Canal 5 o giln NI SN, aa M) Ly dsabid diay Gl Slpa
 3Soa e g ) ppandly sl i paall o Lkl 4t N CUS ja 4i ey e s
sl juand) oFaag b - o al) A play S e e g iaaaly JAadlall S A Ay sl
— powall Dyl e s sieaall ppeanll IS5 Aadl ) LS ja G (5 sine by pais i
Agalall By llly S8l (e g Sienal (e dad) ) cligSa (el o

et = p ol Ak (o el aad Dl 5ol o3a peilis ol Gl (e ol
Z._Jtc. 03 ¢ J.J Dheats C\:u'y 4llad






